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Towards Takorsd interphase F. mation Utiring
Surtace- Active Bsnrylsulfonium Salt as ZaUonic inRiators
John A, McGowen and Lom J. Mathias®
Deparimaent of Polyme; Science,
Univarsity of Southem isslssippl
Hattiasburg, MS 3947 3-0076
introduction
The bonding betwsen reinforceme: ! snd matrix in & composite
Involives a mmicroscopic Interphass region \hat is generally composed
ofapolymornetwo«fomodbynwm;rmbulwpdncoum
agent attachad to the surface of the fibe" into which the matrix can
propagats end bond. The main pumpcse of the iiterphase s o
provide a s*ructural lattice that will sliox; for good energy transfer
from the matrix to ths relnforcement.' The interphase plays a
dominant role in the tracture toughness propertes of composites and
in their response to agusous and cofrcsive eavironments. Being
able to dsvelop taflored interphases will aliow control of composite
properties to optimize strength, moduius, and toughness.
Our conceptual approach le bass on being abie to tailor the

{formation of the intarphase by covalently =1taching compounds tc the
surface of glass that are capable of irit ating the polymerization of
varfous monomers. Here we repcr. the synthesis of novel
benzyisulfonium safts capsbie of Inlicing the polymertzation of
cationically active monomers. Simiar cilts have been extensively
expiorad as thermal cationic infiators of apiro orthocarbonates and
bicyclo ornthoesters,’
epoxy resins,’ s{ylr;ono.‘
and vinyl sthers.™’ The (MeC o—@-—\ X
general structure of the S *
surface active Initiator X = SdFy, PFy D
investigated is shown in
Figure 1. Figure 1: Siurface-active
Experimental benzytsulionk. ™ salt

The general
procedure for the synthesis of the ben salt inftialors
(surface active (7), surisce Inactive (6:) is outlined In Scheme 1.
Isclated ylelds on intarmediates 1-8 wars all above 90 %. “C NMR
cpectra of the produsts are shown in Fgure 2. Sutface coupling of
7 with silica gel (surface area = 500 r/g) gave 25 % by weight
(TGA) add-cn of sulfonium saft. *C CPUAS and ™St CPMAS solki
state NMR confirmed the presence of 7 on the surface (Figure 3).
Chanacterization

Thermat analysis was preformed Using a TA Instruments SOT
2980 (TGA) and DSC 2920, controlied =sing a TA Themmal Analyst
2100. TGA's were run at a heating r2is 20 *C/min in air or N,.
DSC's ware run at 10 *C/min with nitrog< 1 purge. Solution ’C NMR
were preformed on a Bruker AC-200 wi:ils solid state "’C CPMAS,
and ™Si CPMAS were run on & Sruker MSL-400.
Results and Discussion

The abllity of un-bound (8) and siica-bound sulfonium salt
{SbF,-sliica) to inltate polymerization ot epoxy compounds was
investigated by DSC. The epoxy resin used was Dow's DER 324
resin (DGEBA based). Fgure 4 shows the DSC thermograms for
DER 324 with 1.0 wt% 8. Heating the sampie to 300 °C gave two
exotherms, one at 100 *°C, the other at 240 °C with roughly equal
heat liberated (DER 324 showed no transitions when run without
Initator). The first exctherm is belisved {o be cdue to the cationic
intiation and partial polymerization of the epoxy groups. As the
sampis vitrifles and the temperaturo Increases, the cationic
mechanism Is terminated and no more reaction occurs. At higher
temperature, further reaction can take piace through stherification to
complete the conversion of the epoxy groupe.

The Tg of this sample was found on the second run to be 82

*C. and did not increese after repeated heafing cycles to 300 °C.
FTIR analysis of the DSC sample irdicated a high degree of
conversion as indicated by disappearznce of the epoxy stretch at
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Scheme 1: Synithesis of ben=ylsulionium sake
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Figure 2: 'C NMR of prodi:cts in Scheme 1. All spectre run In

CDCY, except 4 (H,0, D,OKSO Inser).
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Anicn excharge o giva a non-Udecphliic counterion is
~scostary ln order (o have an ective i lator. Exchangw of the 151 | —— SF elcad0% 7wt
"r‘*r“!de furm of the sat on the surfaco Be-silica) was done In a — - - Br-elica 3% w Wt
anner simitar to that by 4. Figure 5 she s the DSC thermograms I
for Br-sliica and SbF,-silica with DER 374 (38 % and 40 % sikca, B4l
witet respectively). SbF,-eliica wih DE 324 showed ons major b3
exotharmn centared at 215 °C and a broz -, ghallow exotherm at 145 3
°C Lberating a total heat of 391 Vg epoxs {comecting for the weight é
of the silica In the sample). FTIR enalyz s of this sampie Indicatad & i
high conversion. The Brsilca only chowed the icwer, becad g
oxotherm and the absormption for tha epc vy ring was still cbservabie =
in the IR spoctrum of this sample. o aolk Emf
e =
es %0 100 150 200 20 00
TEMPERATURE °C
Figure 5: DSC thermograms for DER 324 and surface-bound
suffonium salts.

showed the grealsst reduction (33.4 Jg epoxy in the presence of
unmodified sifica vs 222 J/g apoxy, Figure 4). It is assumed that
ether absorbed maoisture not ramoved in the drying process and/or
surfece hydroxyls interfers with the initial reaction, kifiing the cationic
polymerization (as indicated by the reduction in the lower transition).
However, enough epoxies roact inltially to allow for the higher
tamperature reaction. The Br-gilica doesnt aliow for elther
propagation mechanism to occur. Fnally, unmodified siica with
resin (no inltiator) has a DSC thermogram similar to the Br-silica
2058 173 143 113 as 5‘5 25 -5 ‘W‘Mmmmmmm%ngcmmhmmwm'w

Cigure 3: Solid state Y'C CPMAS (boti= 7)) and ™SI CPMAS (%op) Conclusions
2JMA of surfnce-bound suforium sak ) The sutfonium salt inltctor (6) has been shown to cure the

15 DGEBA resin to high conversion upon heating to 300 °C. In
’ additon, the surface bound Initator with SbF,” counterion will also
cuie the spoxy resin to a high degree of conversion whereas the Br
form wil not Quantitative determination of extent of cure,
mechanism for sach cure stags, and overall surface concentration
effects is being investigated.
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